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■ - .. Thls invention relates" to "cross -linked- cellulose • , .,..„, .. 

*W= 1~ fiber products" and to a method of producing the from oellu- ;v||, 

K l03 e fibers and particularly those celluloaic fibers which are- " . /jf, 

• ; capable of being formed into, a paper sheet. Sucn fibers are ^ | 

' termed herein "papermaking fibers." . - . ~|t 

- " l - " it has now been discovered that cellulose fiber, , ,- 
• : - : whenWegnated- with a cross-linking agent and subjected to. 
a "cross-linking: reaction while the- fiber Is. in a substantially 
'■m.. nonswbllenvHoosely fluffed condition, achieves very desirable ,, | 

XO modification of the fiber for many applications . Thus, the . . , | 

edified. fiber produced in accordance with the invention . . . 

attains a unique balance of hydrophobic and hydrophilic , 
7L y- p r0 oerties^.in-contrast to;the very .. - 

- hydrbphilib characteristic of the initial or starting fiber, 
V V " Charac terlstics imparted co cellulose fiber produced - , 

in the practice of the invention include: . a- very materially 
'>,' ^ iowered expansivity of the fiber with moisture pickup over a . 

-vide range of relative humidities; a lowered moisture regain, 
f^k'^^i^i*** higher humidity ranges; additionally, . and ; : 
^• • r ^o'v-of prime importance., these new Titers in loose mass fvrm- : . 

■ ■••.have.'-a. high bul K and. resilience in both the- dry. and -wet , . . , 
: • . 3C ate: as ? compared with the initial or starting fibers from 

W:ich they :are produced. A mass of the new fibers in loose .. . 
•.. . „at form has/a low resistance to fluid flow yet exhibits a • - . 

■ v, igh . capacity for fluid retention, without .material physical 
0 "fev; ""- distortion- of the- fiber W £s -vertheless • 

-A ^ " "■ readily dewatered. The new fibers themselves have little , . 

affinity for each other in the wet or dry state and display . -. 

substantially^ iriter.f iber bonding capacity bur yet a mass.. _. .; 
V : '- -- : '- - ; 30 -of the fibers; exhibits: *" high. picking:; rate.Vand high: absorbency ^ 
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. ^ ,. : '"for pola*-. liquids. TheTibers also regain tbe./na^ural shape of ^ 
"1 - the original fibers 'which, for; wood fibers, -is. usually a somewhat 
' linked or coil shape, but the fibers are more rigid, even when 

. wetted,/ and are less deformable .under load. The rigidity . of - | 

'-. .' the new fibers, while not such as to render a fiber mass .- - | 

'.. brittle, is such that the fibers may not be refined or beaten - - "i 

■ ¥ " in conventional pulping processes without powdering of the . | 
.. .. ' fi b'ers...: Yet the fibers themselves are highly dispersible; in . ■ - ''| 

.. ' aqueous media and form water-laid webs of exceptional formation .- ' 1 
10 and uniformity despite their, low degree of hydration; such webs ... j 

also are readily dried free of water and are not readily - V j 

plasticized by water, as indicated by the qualities of high I 
wet stiffness, high wet bulk and porosity, high wet resiliency, 
low. dry density in fluff form, and low wet compressibility 
under light loads. .. 
5... These mentioned diverse characteristics of the fiber 

-\ products render the finer material. useful in. a plurality of 
•% .- fields - as absorbents in sanitary applications, as filters ■> 

-"for fluids, as furnish components for saturating papers, and 
20 ..'.as cushioning mater la la- and wipes, for example. 
-,,,„./ it is accordingly a primary object of the present , 

" - invention to provide cellulose fibers having novel properties. 

It is also an important object of the Invention to 
.provide novel methods for the production of such fibers. ' 
, '-'^r, v:''-; •It ik' a -further object of the . .Invention, "to" provide" 

-• - : '-. : .. cellulose :: fiber : :product.s 'cf new and improved: proper tie's'. • 

.'J Papermaking fibers which' serve as the basis for the, . 

■ production of the hew fibers include; wood; pulp 'fibers , hemp - ; . 

' ; V; fiber',; short cotton fibers,- alpha cellulose, cotton- linters, . 

'." "yo!:- . Vhort'-cut:;re£er.orated cellulose f ibera., '-. and'- the-'- like V- ' . The 
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i unbleached; TSuch^^rs have"* natural ro^ood ; pulp fibers, ., 
I : - - - ^example, having -a slight ki*k or '.curl which ^'retained in - 

I": ■ -, " ' >. .: ^ the product and which persists even when the fiber -is wetted, 
J thuVcont^ibuting to the>ulic and resiliency of a: n,at or 

X ■ ria33 of the fibers; the characteristics of such r mass 

■ T 1 are further enhanced by the improved rigidity of the. cross- 

!'• ' linked fiber; Additionally, these papermaking fibers are 

free, that is, unbeaten, are all relatively short and are 
- ho readily interfered with themselves, to forma sheet |lt.ougn_ 
th^cross -linked product fibers of the same length range" have 
" ' so little affinity for each 6 their that a bonding ag^nt - such 

1 " as a synthetic resin - is required to attain a strong, ... 

|- cohere >t sheet structure . . . .. ' 

1 : \ ' V • The free papernaking fibers , bleached or junbieached , 

.V: r " in the process of the invention are first impregnated br 

' I . "V V..* j : I: padded with a cross -linking .agent and a catalyst. Such 

1 ; % ; ' : ; % ^Voss-linkin 5 agents are in themselves well W>wn> they 

' "; - apparently function to link cellulose molecules 'together, the 

20 crosslinks acting; to provide a rigid molecular structure 
unich sets the fiber f orn to a degree. Formaldehyde, 
d-nethylol urea, and other known cross-linking agents • serve 
the purpose -ell, however, formaldehyde is generally less ex- 
/ pensive and fully effective at low levels of reaction. The 
impregnation is effected while the fiber is expanded or 
swollen, thus insuring entry of the cross-linking agent" and - 
catalyst in quantity to the fiber interior. Bleached pulp is - 
• preferred as such responds more, rapidly to the cross -linking 

action; the catalyst, which' is most suitably acidic, nay in- 
-30 elude any >ind~of acid compat ible- with the inpregnant ana *hich 
. ^ojs not cause Material cellulose cegradation ; . 



- -4-' *. *i '^S^V^^Z 



I 

x 
I 



O - ; ; V *'•'.< -4 29S 1 3 



i snpct or , . ■> 

to the' ' •v'-i^'' ; 



The vetted.iir.pregnated fiber, .usually In shod 
- 1 matted form, is "dried substantially -free of water. prior 

: \- cross -linking reaction "between Jhe impregnant and the cellulose 
molecules; "such drying may "prdcede or accompany a de.f lbcring 
of- the sheet or mat. This defibering is sufficient to Insure 
that the fiber is in -fluff form and that, contact between 
fibers is r-.iniral but fiber cutting and fiber damage to any 
-r..-.terlal extent should bo avoided. The presence of moisture 
to the extent of about 10-1556 based on the dry weight of the 
10 fibers aids the mechanical separation while providing. assurance 
against fiber Injury, Thus, the reaction is carried; out while 
- the dry fibers are In substantially individual or loosely 
. associated state, ^factor which Inhibits cross-linking 

between fibers and promotes cross-linking of molecules 
• • within a fiber, thus avoiding hard fiber clump formation, . 
~- In effect, the fibers are set by the cross-linking action in 

\ ' their generally natural fluff condition and while a mini-m-* of 

^. cohesive force 'exists between fibers. ^ 

The temperature of the cross-linking reaction 13 
20 dependent to some extent upon the nature of the cellulose 
'undergoing reaction; for wood pulp fibers the temperature 

range is between 110-l65° c .. 
\;. The flWr configuration is substantially unchanged 

by the process Further, and most importantly, the : fiber 
. retains Its ability to w Gt . rorn , that Is, the fiber may be 
water-laid arid then dried to a fluff. In such fluff fprw the 
fiber r-iW^BaVi:t*u**r' utility -in' absorbent 'oifo- flitter ;*PP 1S --. 
cations. . ' 

.•" :.S P -Bai^ickllyi. : 'ther withholding:- c&p&etir/ • aEftd *?et 
■30";''" bulk^, ' pa>tic : uiWl3?'.;under mild compression loads, of ^he v : . 
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cro 3 3 -linked, flbfer fluff ha* been fou^to be very materially ^ 'r ^_ r ; . - , & 

! -' neater and even double that of 'the untreated "celluloalc fluff; _ - ' . ' | 
1 % the wlcking rate_o* the.croBS-liniced^Verial in expressed- . ' 
' " form is also disproportionate, being 'significantly higher- ^ -'.^ : VB^f^'fg 

/f;< ^ thanthit of t-hel fluf^ ' - || 

'. factors provide for particular interest in product formation, - V ; || 

" • However,.. unlike a masa of original Untreated celltf- 
/•■-•t';''-.' . yosc fibers Wherein water is retained by the swollen flexible '; . \ ' .. . 

''>■}■'} -^y" : walls of the fibers and in the pores of the iriiaa ; , the. retention . / 

V/,*-. 10 "-' wlth a ; fiber mass of the "invention is substantially entirely' . 
' '": within relatively :iarge capillary v<5ids . y j , ' .; J/ 

: " stiffened fibers of the invention is readily displaced. by ; 
* / ; .. other fluids" such as air (suction pressure), and the fiber is , - ^ , . 

readily dried even by blotting. So also a fiber mass which . \ 

. • includes fibers oroduced in accordant with the invention Is >., 

; : ( • s U3ceotible>to rapid dewateririg as la sheet formation and • . 

- sheet drying on* a paper 'machine. In contrast thereto, fibers * 
- - ; of the 'Wsa of untreated fibers are relatively flexible a^d . " 

20 v,hen subjected to pressure to expel or withdraw water fro,* 
"\ the mass, the fibers themselves contact, tending to close the 

' pores and to thereby inhibit water withdrawal. ... - • 

Also, such dewatered fiber mat or sr.eet exhibits a - 
' • V- ' de ; 3lra ble resiliency- for th£ .pyrpoie'.and the fibers ■,are. no: 
% ■ '■; compacted together as they would be' were the original' untreat.el r-->.. 

■ - - cellulose; f ibers employed in the mat.vV 

. The following Table I indicates the absorbent -papa- .. 
; ' ; • clty of . fluff masses of the fiber:; produced in accordance with.. \,y : -. .. 

, V.''-'".;. '-;,- : the invention relative to the original pulp. In the table the 
;.VF ^ 30 Untreated pulp is so^designated;. Examples 1 to 10 inclusive, are 
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specifically described^ here inaf ter.. 




\ „■ '- -r Pu 1 p R e f c re n c e 
Untreated Pulp 
' i: Example. 1 
Example 2 
10 Example 3 
" r. : Example 4 
. Example, 5 
Example 6 - 
Example 7 
„ ~ Example 8 
Example 9 
/'v Example 10 
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The change In wet pad thickness occasioned by the , 
/ ^ ■ treatment of Invention is lllustrated'^in Tabl^,Il 6y, comparison 



20, of , the wet untreated pulp pad" with pads propped from the 

V' cross -linked pulps of Examples 1-10; the comparison Is tender 

: ' light; compressive loadings. As may fce readily seen fron tne 

- ■-}-• table , :'the pad thickness is. greater and 9 - parjti^ul^ar lyv material ly 

-greater for the product of Examples 1-9. 

^Mf^'^ v ^- : ' : X.' -Ta^ie/-ix.^^;-":^->.\y ffi-y'^- 'ft':'.'' r "' ; . : ': ;"• 

Pad Thickness (Wet) Relative to Untreated ... 
• Pulp at Different Compressive Loads 



Relative Vet ThicVncSs Under the 
, , Following Compre3siors / >. • 



30 Pulp Reference 
Untreated Pulp 
Example 1 . 
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Example 7 -,/<""' 
Example 8 . 
Example , 9 ::. 
Example, 10 .^T 
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"/«'-.": ^ /'The mode. : of attainment of the ; specif ic .comparative ; - 

• " data of Tables' I! and II is described in cohnectiorV with Example 

~ 1 set out hereinafter. ^> - _ ' 

, \ The invention will be more fully understood f rdn tW 

\ following detailed examples. arid the accompanying drawings ,- : V^V"V- 
\ ^herein:;,. : ^ , v v / ; ; . / ^. . j_ 

7 : Fig/ 1 is,a graph Illustrating tne. specif lc filtra-. 

> : ,tion. reiia tance of the cress-linked fibers of the invention with 
bo; relation to untreated fibers; ' '! .; 

- Fig* 2 is a graph coir paring the compressibility or 
wet bulk of the treated ana untreated fibers; — ; 

. >r ' pig % 3 >is a comparative r illustration of ^ • , .- 

a) , a- mass of dry fibers in accordance with the in- 

); /"vent ipri; \ : *- v " ' . ', ■-. ■/ . "•/'//:/ 

b) a. mass of fibers similar to those in a) but con- 
taining 3Q£ of water based on a dry ta3ls 'weight; and 

c) a pad of untreated fiber in the dry "state 

• Fig". 4 is a graph indicating the effect of- humidity 
30 1 conditions on moisture pickup of the untreated vcrsu3 . treated 

• y'y } " /- f ibers;'" and : ' : /'.. • ///-- ' .>•>"■;'-' "" .- ■ V r "~ • ''• ..V v\'i " : ' ! V /-'" : v 
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":• About 30 grams ."of an unbeaten, bleached southern ■' 



1; > ^pine kraft pulp was made up in the form, of a hand "sheet to a > 
\ * . thickness of ^bput^OiOlO/V; This sheet was presaturated at 
rooai temperature with" a formalin solution containing 3756 
formaldehyde and 5 grams per. liter of aluminum sulfate as 
catalyst; presaturation was achieved by immersing the sheet 
10 in a bath of the liquid for about one minute, which materially 
swelled the fibers and permitted penetration of the formalde- 
. hyde and catalyst "into the- fiber structure. The sheet, upon 
removal from the bath, wasT drained and pressed on a blotter 
to a consistency of 1 part fiber* to 2 parts by weight of 
solution. The s.hee,t, was" then a*.r dried to a moisture con- 
r tent of about 10-12# and thereafter def ibcred. Retention of , 
ojojjic mplsture in" the fiber ;at this stage aids defibering. 
The dpfiborlng \;r63"axea\^' the".-f iWrs- and prevents Hhe inti'iatc - $ ^ 
contact normally accompanying simple drying; This defibering 
20 was effected in a bath of carbon tetrachloride in a Waring, 
blender at low 3pced to avoid fiber damage. The resulting 
fiber, upon removal Croni the blender,- was dried free of the 
carbon tetrachloride and then Introduced into a vacuum 
desiccator and dried of the remaining moisture at" room tem- 
perature over night under reduced pressure -In the presence of 
/ -solid paraformaldehyde, and with barium oxide present as a - - 

desiccant, The paraformaldehyde produces a vapor phase 
which inhibits formaldehyde evaporation during the drying. 
The fiber at this time- 1*3 in the"" form of. a fluff achieved by 
30 tne ;r,lld agitation and the cross -linking action ha3 not yet 




I " " v moisture and ^oll^psedi the' fibers ;to; essentially the physical 

!• . condition of the original dry pulp fibers , that is, the fibers 



tend to flatten as moisture is withdrawn and to assume 



| generally a ribbon shape ; further, by- the drying action the 

I fibers of the fluff tend to withdraw frcr. each other so. that 

I \- — intimate contact required for cross -linking between fibers is 

i ' = ^ 10 not existent. -' Thus ^ the Xibers are, individually quite free 
"| 1 - to move and present increasingly large -s pacings between w - V 

\ . ~ : - fibers as drying continues.' The covered desiccator and "• . 

| .contents werei then ^placed in a forced air oven preheated to 

: '-150°C ^S-^e\'d^i^a&r,. conte^ 

heated to 13b 0 within 30 td hO: minutes and then held at a 
temperature of 130-13 5°C. for 30 additional minutes to effect 
I \Z the cross-liricing reaction. The desiccant present removed 

I " \ water-formed during, the reaction; the presence of water would 

fV : "V V materially slow; the reaction and; limit the extent to wnich 

I j 20 reaction takes place. Thus, it is preferable to carry out 

I •• : " ,. the reaction under substantially anhydrous » conditions . The 
1 - resulting cro^s-linked fiber was then removed from the desic- 

I; C atpr and washed > over night in 0 .3* aqueous' ammonia solution 

to remove catalyst and unreacted formaldehyde as well as 
1- ^ 'paraformaldehyde.. Cthc - dilute alkalis may be used for this 

I purpose . The alkali wash- was followed by thorough water 

I washing and then air drying. 

■ - " .V The apparent effect of the procedure of cross- 

I linking in the loosely bonded state is to frce/.c the capil- 

30 >i arl es of the fluff and to set the fiber capillar ies in 




the degree of 
of! the fiber 



0$; was. also . oven dried at f or SA . . 

. - * ' hours,- weighed, and then subjected to an atmosphere haying 

~\ \- * - , - ^relative humidity, at 73°?., .The fiber /in. such . atnoaphiere 
* ":r;.\oJ regained 5.0^ moisture.' This compares to a 7.0^ regain for 

Se£ 5 : :A under the 



same humid at- 



* l " - -\ - ^ ' ' ' - 3a -™* conditions, and then subjected. t;o the i 
9|^'.; / - : - mosphere. , 

^ ? ; ' . A half gram aamplb of the cro33-llnk6d f iber pro- 

^/ • V7°- ^ duced in accordance with the above procedure wa3 dispersed In 
s-pr ^ ,~ ./ . sJ . - 200 .nil! Iters of ^distilled: water 

tA^v'V^'^ -''' ; \ - slowly poured into a -cylindrical container having: a screen 
x'ffi Y"*\' V " r . bottom; the -excess water, wic* allowed - to- drain completely free 

||^/- ' ' froin the fibers .\- Dy thio action a wet pad of the f 1V>ci a - 

jggF . " 20 formed. The pulp pad Was then subjected to progressively in-: 

v , creasing loadsu in the cylinder-. The. load, was applied by incre * 

— ? mental weights on the piston, of the cylinder, the piston bear- 

Y ing on the wet pad. The pad itself was allowed to drain free 

.while each sue ce s £ iye- -we igh t*( Wa : s ^ppliedV-v- ; When drainage' was . 
completed for a given weight increment > the cylinder and its 
contents were weighed to determine the weight loss occasioned 
by each weight increment. A : : comparative test was run under 
the same conditions for the untreated pulp. 

The comparative data set out irv Table I presented 
~ ; -30 hereinbefore indicate that the. cross-linked pulp retained a 1 




H**c'i-s : : >:r;-'-.- a;-. 

Mm. : .- ,>.::■. 



10 - 



. [ 

i 

:•••;!-• 



1 



V:t" 

.'. «" - 
:.S • 



/ -' p^ticularlV^^der'positive Pressure conditions ranging fron 
" , 1 o.5 to 2 pound? per square inch. S^ch pressures are those 

• ' ^,.. ch arc encountered in' sanitary riupKin application;.;- As ^ 

. - •: eWxi^d -in Tabio i;"~tne water retention' capacity of a mass 

of the. cross-linked fibers produced in accordance with the 
- - • - invention is directly compared to the retention capacity of 
th. original fibers > ratio torn,. Thus, pulp produced in 
- accordance with Example^ retained 1.2 times by weight 
. . \,: r j[o \ much ^atef when no^ external load was applied^ and about 1 ,8 , _ 
times as much as at higher pressures . ; ^ . 
; a | ' ; V The oata-of Table II show that a wet pad produced 

{ . - fron the cress-linked pulp of ■ Example 1 has a greater bulic , 
- - [ ■>-, . and thlcmess underpressure than .does a pad of similar " 
flU r weight produced fro* the. original fiber. Further, 
J. the tnfcKness ratio it 0.5 psi is identical to the absorbent 
■ V • ' 'capacity ratio at the sane pressure, , and; the thickness, ratio 

- ;s only very slightly below that of the absorbent capacity 
- ratio for higher pressures. 

?' 20 ' '*'" *■' '*■ ' f xa ' nf,to g ' - 

' : ' - - T he We procedure was followed as in Example 1 

except that the concentration of /formaldehyde in the pre- .. 
■: ; • saturating hath was 17.5* cr approximately 3/2, while ,ai»- 

V taming the sane -atalyst concentration. 0,5%, The for^e- 
hyde yield of the cross^linked product, upon acid* hydrops, 
was 6.956- The moisture regained under the; conditions as in 
• ■ Example 1 was 1.5*. Other pertinent data are shown in Tables 

■ * "■" I and - II. ' .,*": ■ ' : ; :'. v.- : ■ .. • ,-, ' 

Example 3 

" : - \ ~ .' The condition^ of reaction xerc tr.e sa..e as in 
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The fornutlifehyde- yield-of this pulp, upon acid hydrolysis, - - V 
Was Sv'tfL - The iSoisture regained was OX.hov pertinent _ 

data are-. shown irr Tables. I a^d ,11^ ' ^:> ( ": " 

- Example . ~ 

The procedure of Example 1 was followed except- that 
the concentration of formaldehyde -in the presaturating bath 
was reduced to 3.2* or slightly leas than 1/2 of the Exanple 3 
10 concentration. The formaldehyde yield of this pulp was 2.9*, . 

i the moisture regained S.1& Jee Tables I and II for-- other':- ! , .- 

-data., \ </^:f±?^ ^'^^.S'^^' 'A ■■■ ."■ • o- '}>■ r^X^^'z:''^;:P:f " •;. "\ 

. ~ Example 5 ■.. . £ ' " 



^ v.',-, " - The reaction conditions, were the aaae.as in^ Example • 1 

^> > .;. ; ' e " except that: reaction time at 13? P C was 60 minutes , making a : , 
■ >-• .: . " total hewing tine of 90 minutes for *hc reaction.. The for-. , 

r ma .dehyde ^yield of this pulp- was -9.-J5*, the moisture regain. ;1. 

Other pertinent data arc set out in TabJcs I und II. .,. ' .. ' " 

the rate of wlcJcine for the material .vr.ducod In 
J " 20 accordance with conditions of this exanplc was determined by 

<v the following test: a flat /transparent pi *tc 3"x3" received 

on a flat; surface, a batt of the fibers. The Ti lev bat. t had a 
dimension of 2 J "x»»i". The batt projected beyorc cne edge of tic 
pl«te for approximately li inches and descended Into a dye 
solution maintained In a trough. ~ The level cf the dye solution 
was held constant throughout the test. The ti.i-e for the dye to 
wick froHi the one edge of the . p.l ate -. through t he fiber to the ; .,- 
. renote end of the f iber batt wa3 then measured. -\ For the, ' 
r ... _ f ibers of the example the time was 20 seconds. This compares 

30 with a wick ir.g tine of k9 seconds for control fibers; the 
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fiber' is ox tne.vj^ ~- .'7"-„ _5 . ? ,-,\ ,- . / - * - - < - •. "| 

r « • tary napkins. • . _ ' ,./•".,. t_ . . , -. .,• ' f 

" * *; ' .'• Example 6; . .\ " . - - : c< ' - 

' . : : *■: - ™ e reaction conditi^were the same' as ^ln Example i - | 

" ' : except ;w^ : 4 

a total heating time of about 120 minutes for the reaction. -| 

: The formaldehyde yield of this^ pulp upon- acid hydrolysis was . . ' j 

- . ; •• * * ■ • *j VflC other data are recorded in f 
. v 9,756; the moisture regain 3.0£. ocn • ; ., ,-' ■„ 1 

1 v 10 Tables I and II. - ; • .. ^ ' - V , , ~ .,- '\ ] 

- Although ' vacuum desiccator 'conditions-employed in . ;1 

' - " Examples 1 to 6 inclusive^ to increase th<C degree of reac- . | 

, M t: " tion of the cellulose with formaldehyde at a given tempera- _ . ^ J 

. - ^ ture" and t^ they are not essential. „ High absorbent ' . - /- " ] 

[ " capacity and buik-as ^ell V ^d, moisture; reg^ may be : • . ^ % 

J'/. « achieved through reaction, at ^spheric P^ure. ' __ \ _ . / . 

\~ ~ ' * '. /''';;''£*.-.. Example 7 ' " , V> ■ ». «, >■ . •" 
{•;; '.. ; "I ' < " ' A ; l0 g , sample of uh^at^n Weache^southerp pine - . 
| ^ V " '• •:. ■ : ' c " • ^ ^ >^ a ^Ahvdp'and fluffed In 
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.raft pulp was presatur.ted with formaldehyde and fluffed in 
the same manner 4, described in Example l.-^c pulp was dis- 
trlbuted on wire screens throughout a stainless steel box 
\"' havir . s the dl. Ti enslon3 iP"xl2»xl3 ; '. The reaction o 0 x was 

equipped with a cover, thermometer, and vent .tube. .The box 
containing the P resatu ated" pulp, barium oxide' deslccant an. 
paraformaldehyde was placed in'a forced-air oven preheated to 
lk0 o c The contents of the reactor reached 1 3 0PC . within 
about 15 minutes. and were held between 130-135°C for an addi- 
tional <o minutes, raking a total reaction heatlns_ti..e of . 
about 60 minutes. The pulp wag then .ashed and dried 
,0 accorcing to the procedure of Example 1. The forbid eh yce 
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./tails pulp was -5 15^. the moia ture^eEai^ .3 -^S? . Abaor- 
. ' ' ;f toncy data and wet J bulk/are given In Tables *I a^d;II. ^. _ . 

/ • • " \:^v^ -■- Example 8 \ '- - ' ' 7*' ' / - 

' '• ; , ' ; ;~^V:" f* • X sample of 100 g. of bleached -kraft pulp was' pre-. .. 
•saturated, as described In Example 2, that Is, with 
~ ^formaldehyde concentration of 17.5*. and then fluffed. , \ 

* - After air-drying, the fluff was placed in polyethylene 

bags for several days to inhibit formaldehyde loss; upon . - •• 

reioval from the bags/ the fluff was heated up to a reac- 
10 • tlon temperature of 130°C. in a 12 cubic ft. steam-heated - 

-.-forced-air oven. - No paraformaldehyde and ; desiccant was em- . 
.ployed in the oven. The fluff was maintained at about 130° 
i ^ - > £oT 30 minutes with alr-recirculation, the large". air volume 

" ' serving to maintain any moisture present Very, low in con- 

' * eventration! After washing in 0.3£ ammonia over the weekend 

. , • -■ . ^ and then with water, the cross-linked fiber was'air-aried. .- , 

■* ••' ~, /jrhe fiber "had a formaldehyde ylela upon . hydrolysis of 

\ - : - jii-.d exhibited a moisture regain of h.6& under tne humidity 

'. ,. conditions of Example 1. Absorbency and wet bulk are given 

20 in Tables I and II. "V " 

i ; Graphs, Figs. Land 2, illustrate the relationship 

- of the cross -linked pulp of the invention to pulp from whlcn 

the Across -linked raterlai is produced with respect to several ... 

■ - . . i^po'rtaht\ 

.. 2 is predicated upon pulp produced in accordance with 
/ Example S. At higher cross -linking percentages, the dis- 
. -. " parity between the treated ( cross-l inked ) ai ^' untreated' 

puip- increase's. • _ ■.-."•.C; 

' Fig. 1 indicates the filtration resistance of a 

30 -ass of the cross -linked pulp, compared 'with the; f iltration 



an equivalent' of tho> original; pulp. " As'- nay bo 



formula: 



' ••1^7:^'/^- V ' A - is -the Skt ; area in square: centimeters gc -is 920 -Cn/sec' 2 ; , 

: • '. . slurry; and £ is the volume; -rate of .flow . • . 

y in Fig. 2 the data clearly indicate the wide dis- 
y,/' parity: In wet con^r'coa ibility; between the; : treated and untreated 
" 3- fibers; This compressibility is determined by subjecting the 



' '•- - ? >' /[ ? ? r — ad iiy 'no t e^ : rrbra : Fig-i, the f iltratimv Resis t ancc of a 

f- \ * ^ -/mass' of the "cross -linked pulp io ma to rial ly lower and chances 
■■ : y/yv~' r V, ^leaa with applied pressure. ; ' ; ' ^ * : ^ 

\ ^- The procedure for obtaining . the data of Kig. 1, _ r 

: 7 - ~. which is a plot 6f specific filtration resistance against ^ 

compact ins pressure for the treated and untreated pulps, is ^ 
; >> .basted on the constant rate filtration method discussed in 

an article^ by H. P. Whitney, W, h. Ingmanson, and S. T. 
. %y:~ lb Han in TAPPI, Vol. 38, pages 157-166 (1955) and is a« 
\--' ^ follows 7 : a fiber sample is soaked in water : for -6 hours ard 

^ , diluted to a-conolotency of 0..01& This very dilute nuspen- " 

sion is then filtered on a 150 mesh wire screen rnounted in - 
--the open- bottom of a 3-1/8" diameter Luoite cylinder . ?; The 

; volume rate of flow of the stock through the wire screen is | 
^ maintained: at' a constant; rate w during : the deterjninat^n. As v ; , r.*' \ 

l\ ' / the pad of fibers builds "up on the. screen, so does the fric- 

t Jonal drop across mat t-u lldup . Tb !?> c? c n ti nuous i y ch arij-l ng 
pressure is measured as a function of filtration tine, The 
I 20 specific filtration' resistance ^ is related to the filtration 

... f ti.Te and ^pressure: drop A 7 ? by the formulae & -~~~jT~~ 

whe re : B is a parameter of; the system and /determined by the 
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thickness -is determined with ; a cathetometer. (TAPPI 35> 3 ' 
J N"o^ l0"p. ^39, 1952* ' In^^ 
• ""7 1 . ' As will be rioted, from FigV 2, under Xhe- same com> | 

pacting pressure: the compressibility of, the cross -linked pulp \ 
in the wet state, is about one-half that of the untreated pulp. . ,.r 

The compressibility is directly related to the pad cohcentra- 
10 tlon given in grams per cubic centimeter units . . This com- 
. .possibility change, .believed occasioned by- the cross- ' , \ 

; ' 'linking, is due to the wet stiffness or bending modulus j 

.,r change imparted to the fibers. _ : — ^ v - . | 

■■L_ . ^ .> ••; ..^ The data of Figs; 1 and 2 are a clear indication . fc • 

• ' - of the utility of the cross^linked pulp as filter media in . 

J ; ; . ^a cushioning and y • I 

" '^vl^^^s p ^ei^ : m'a t er iai s r .V c*g^£*. ■;/{: ; - 1 ■ V. ;* i*£ ..'■•■v^- , " ; ; : - ' •; A '■ • 

' • ■ "; . ; ■ ■ - / Example 9 . ' ■ J 

: A hand sheet sample containing f a^out 2Q tT. of 
20 unbeaten bleached southern pine Kraft pulp "was- pre saturated. 
.43 described in Example 2 , r that is, at a 17.55^ concentration 
of fornaldehyde. After air ^drying to a moisture content of 
about. 10^, the hand sheets were def lbered. in ah experimental 
. Waste picker. The moisture retention a ids ..this d e fiber ing 
action also L This uef ibering process affords, a somewhat dif- 
ferent mechanical action than the blender ana requires use of 
, no organic solvents . After defibering, the fiber was subjected . 
. to vacu\^.desiccatlpn and the cross-lihZih^ process .was ^Isc 
the sane as described in Example 2. The cross-linked pulp - 
3C was then washed over night in 0.5£ KaOH and then thoroughly 
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re given -in ^Tables I and' II. ^-]f\^fVy/ v z " • ' - - - 

/^Despite a- variation of {about". 2; I'in-'thO: extent of - 
cross-linking -as Illustrated, by Example's 1 to 9 inclusive, . " ? 
n the capacity to absorb water and pad wet thickness charac- 

teristics remain" relatively constant (Tables I and II); 
I while moisture regain, varied somewhat, the greater degrees 

| of crc3S>linking tended to result in lower regain. In the 

I 10 product of Example 10, the degree of cross-linking i3 

i 1 naterially less and the. fiber characteristics indicate this/ 

Example 10 , ..v i - " :. :-t . •" ' ,_. 



The orocedurfB. of Example 1 „was followed except that 
no pre saturating with formaldehyde occurred, but the catalyst 
only was introduced into the fiber byline an s of a bath, the 
, r catalyst bei^ -After def ibering: \.'f.' v * 

the hand .sheet: to" fluff form,^the fiber fluff wa3 initially - * 
introduced into a desiccator, dried down at reduced "tempera- " 
I cure\ over nl£ht under vacuu-n conditions and in the presence of 

I "20 solid paraformaldehyde and with barium oxide present as a 

] c.e . icdant : The resul t ing dry loose fluff , cross ^linked under 

v zhc conditions' t of Example 1, had a formaldehyde yield upon 

r nydrolysis of 0.8^; the moisture regain was 6, A% m Absorbency 

and wet bulk data given in Tables I and II clearly indicate 
| that the lower degree of reaction had an adverse effect upon 

these desirable properties of the cross-linked fiber. 
p Fig. 3 illustrates the contrast in- dimensions of 

a) a mat of untreated cellulose fiber which has Icon welled; 
icyatered by centr if uging, and then dried; b). a nat of cros^- 
3<-> linked macerial of the^s axe fiber in two" conditions , the fiber 
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weights being the same^lrfeach of the 'three; ^stances.? In " 
' ' 3 the 'dry pad of 'crosa-llr^ed ^terial^has.bee^ subjected -to .'- ' ■ . 

identical wetting", centrlfuging, and drying.; cond it iona as • - - _~ • 

> ' the untreated cellulose fiber/ The wet P a4 ^cross-linked < 
r ina terial represents ^the .condition. upo,v removal^ rom the 

centrifuge and the samples contained about 3 Q* of moisture f,., ... 

• based on the weight of dry fiber. As will be readily noted, 
the cross-linked dry pad designated at 10 is. nearly 6 times 
the axial dimension of the pad 12 of the original cellulose 
16 , and the bulk of the wetted pad 1H in the cro33-llnk state ./ 
~ is materially greater than the bulk of pad 12 v. The pad 14, 

as illustrated, as already noted, contained by weight about 30 > - •.. 
( parts- of water per 100 parts of fiber. It is further to be , 
- noted from the illustration that the cf oss-linked pad. retains . 
ita general form in botn the wet and dry state - in the present • 
instance a cylindrical form. • - 

- ; the pad designated at 10 may be repeatedly cpm-_ •. ; 
''pressed and released without material loss of resiliency, a 
.factor which renders. the cross-linked material useful in cushion 
20 "applications. The wet bulk of pad lU is a material element in 
" the utility of the product fiber in absorbent applications, - ** 

The' nois'ture regain and equilibria moisture con- 
' : i itenf. of mani/;- fluffs is. .an -important ^sideratioiv^pth- In 
manufacturing operations and in the storage of products 
embodying the fluff. Fluffs prepared in accordance with the . 
following Examples 11 and 12 are compared. .aa> to the latter \v .>' /. /. .■ 

. characteristic in Fig, 4 across the hu. ? ldity. ; 3cale. - Other . . • .' . . ;'■ ' _ 
\ data appear in connection with the examples . 

• • - . Example 11 ■. 

30 Ten grar.a of bleached southern pine" kraf t fibers 
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•••WVT^or^dehyde aolutionYcontalnlng- 0,5*- aluminum s^fat^ - 
as Catalyst disiolved in the vater/^his, sheet , after satia- 
tion, was blotted to about 200* wet-pic^p and then air-dried. 
The for^ldehy'do is deposited as .^o^lAO^^AhlTi^r: 
fll £at this stage. {Tho hand sheet, while atlll^ containing- , 
, none .roloture, wan then dispersed as a fluff, with the Waring - 
' Mender in carbon tetrachloride: and again quickly air-dried. 
- Further drying took place under reduced preasurc over barium 

, o/Kie 1 iu the presence of formaldehyde! for two day,. Wnile 
' -till under vacuum, the desicca^ containing the pulp wa-. 
'heated 'in* forced-air oVe^at^t ll8*C. for a tUn* period -. 
of hours. Thereafter, the fiber was washed and dried as in. 
' : Examnle i. - Such fiber provided the_ data for curve A irv^:; , 
' A^the.fiber also exhibited, upon hyarolysis, a yield of 9 3^ 
7 indicating a somewhat greater degree" of cross-linking- The 
^ m oisture regain for^he fiber; was 3.1*, these results beini, 
conoarabie to data obtained in the method of Example 6.; The ; 
hyrxoexpanslvlty of hand sheets of this f iber vas about; Z/3 of 
..that of hand sheets of the untreated fiber.. ' 

- Example 12. ■ ' ,/ ^ 

"~~ The' conditions of Example 11 were repeated except 

V. cross-linking reaction time was increased to 5 hours . Tne 
fornaldehyde yield increased slightly to 10.9*, >hile noist.re 
regain dropped to 2.856 and hygroexpanoivity. decreased further. 
Tne equilibrium moisture content at various humidities is cesig 
\$ - .na&by curve B inVVig^ Curvo C, in-.FiZ. desist,:, the 

'control .pulp: -m . • 

-I me "centrifugal water retention of these latter tvo 

30 cross. linked pulps was approximately 1> that of the original 
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J§V;-.:> : - - international clinical cehtriW Model CL operated at a speed 

of ^5Q'R^and a relative centrifugal force of 2730 G, at the 
t|-^. VV- V - . ' instrunent^optum (12.5 c%/rad^s). The time factor in each . 

te9t .as the same and about i 5 minutes. Such test results were 
jjf - ■ v rc adily reproducible. • The' results attained with the equipment 

areequivaieht tothose>^ by use of -the procedure Thode, 
10 Eergohl, and->son described in TAPPI 43, No . 5, pages 505 to 



Wt. " - 512, Kay,. I960.' • 

? l ?% '> ~ ' "' • - - Example 13 - -- \ / ; \ / \ 

; " a 20 6i "sample of 1/4", 1.5 denier; high tenacity _ 

Vt C" rayoa was carefully dispersed in an aqueous slurry- in a Waring 

?>'• v oiender The slurry was. dewatered to about 30* consistency to 

■>P-V ' " fbrrfa nat, . this nat was -then immersed in 200. mis. of 37£ r 
.>r .. .. > f ornaldehyde solution containing 5 grams per liter of alumina 
.* ; ' ' ' sulfate. After thoroughly soaking and kneading in the f or-ial-^ 

■ dehyde solution/ the pad. Was squeezed to a consistency of 2h% 

- so solids. The concentration of formaldehyde in the: solution 
,.,V "reduced to 3<# by the pickup of the fiber cake. After spread- 

' ing out and air drying* the fibers *ere separated into. a-, fluff • 
"'■ in the Waring blender With carbon tetrachloride prior to 

: cross-Unking; ' The exceaa solvent was filtered, off and the 
fiber again air dried free or "carbon tetrachloride. Cd^ple- 
t ion of drying was effected under reducea pressure- at rcoa 
■■::■[;■-.:: • . v to~.perature over barium-; oxide :in. the. presence of paraf 6r±ai-- : .. 

'• .' •': ; ..dehyde. , "• • .' : 1 ; .; . ' . ; ' • ' .'. 

fee" fiber, still under reduced pressure in a 
30 vacuum desiccator, was placed in the. forced-air oven, at , 
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_ ' '• _ ' ' the ins tances of v6bd^puip~f ibers , the absorbent capac ity of ; ' ; 
• ■ ' the treated" rayon relative to untreated rayon was *teut 1.8 to 
'2 tires while the relative wet thicknesses also had a ratio of 



{% on the wt; of D.M.u;) as catalyst. " The pulp. sarnie a? a 
hand sheet was, saturated with this solution, pressed too. 9COf, 
wet pickup, and' air dried". The sheets were der.ibercd" in the- ., 
lender with carW tetrachloride, filtered and air dried 
20 a^air TrVe resulting fiber- fluff was then heated to 132- 
" 135°C. in a forced-air oven for 30 sinutes to effect cross - 
i't.kinc The treated puip was soaked in water orcr nlfeM and 
then washed thorouhJVly with water the following day ir,l 

dried. ". • '• '• • - 

' Hi'trogeft ^h-aiyvls 'of. the .resulting- pulp, ir.dicat&c 
that 9 Ifr had reacted with the fiber. Tnc aoisture regalr. 
under the conditions act forth in Kx ample 1 w&a 5fSf. Ar cr " 
■hencj a-c. wet huSk were -Aterialiy Improved by the trea'-lnt 
but to a somewhat lesser decree than, with fcrnalcch^c for 
30 t-^e sane extent of cross -link I r {3 
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. • ' about 2: l-;'". : i'v \- -.>' \ "^^.vVi.V. . r '": ■ . - v: -'".///.v../** V/ . : ■;/' " V.l|; 

10 ■ '- . Example l*t _ 

/v 16 % 3 ample • of bleached southern pine pulp; in " * p 

V V crc^-linkinK with di^cthylol _ . ^ : ? 

V urea. T^e" dl^e thylol urea was initially -dissolyeci in water at / 
6o o c 7 0 ^fce a 5# ablution whJch was then cooled. To 200 .P^3;^. f 
6f the cooled solution was added 0,5 Z- of am-ioniu_-n chloride^ / * r '* ^ 
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• . ' m the treatment of the_ fibers .In acc^d^ncg^^-' , 
the invention,, wood pulps respond to . the treatment more$|-_ V 
readily than' cotton but somewhat less" readily than regenerated 
delluloae. The apparent explanation for this is' the greate*: 
V. predominance of amorphous areaVirv the regenerated cellulose or 
rayon molecules in contrast to wood pulp and cotton. Also, with 
regenerated cellulose particularly, the fibers are not sener- 
: ally initially formed into a sheet but, upon drainaee,, r cluinp 
together and arc separable either in nonaqueous media with 
10 mild agitation or by strictly mechanical pickers -In either 
event the fibers contain- moisture during the separation. ../The 
•" presence of" some water in. the mat or sheet during expansion 
" of the mat or Sheet to a fluff structure while mechanically 
•' ' ^separating is considered necessary to inhibit against fiber 

damage.- .'- ■ , v i' v " ; = '. •;' . v *v>~ '-' . /■-=" 

Sheets of "wood f ibers, saturated with the aqueous 

V impregnant, tend to have a gelatinous appearance; due to the 
ready tendency to take up the water; this is in contrast to 
the resultant" cross-linked fibers wherein even when -ell wetted 
20 ' the fibers tend to be Individually distinguishable to the eye . 

' Also, bleached wood fibers tend to respond more 
readily to Che process of the invention than do the urw 
: bleached fibers, however, mats of the. unbleached fibers. are 
materially improved ; by the treatment of invention', particu- 
iarly With respect to Improved absorbency and; wet bulk . 

. The reaction temperature is. preferably relatively 
High to decrease reaction time. However,, the temperature; 
must obviously not be so- high that ■ the fiber is damaged, 
Durirvg 'the drying^ periods, preceding the crosa-iinklng- reac- . 
30 c ion, the temperature is suitably maintained low to inhibit 
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I • - ^ ' - \ i^nanW; %is ^ying ^Wt^e- ^Vf of.'^V; *T higher - ' 

f \ u t .hould not in any event bo^b a^'W of f^t ferial -- - - 

\ \ cro^HnklnK prior' to" fiber niffl'ny.f, The cro S3 -linking _ " 

il - taction temperature should 'general ly exceed llOfc;. and^ith ; : - : - •■ ^vV^^ 

| / • , ^ puJ^Flbcra, doea not exbeed'about: a50°C, Higher reaction 

! ' "\ tc .^WturcV eliminate the water formed during the reaction 

| ,>e quickly, rfl.lch desirable to prevent water pickup by ' 

I i coweq-ent swelling of. the collapsed fibera. - 

j ~ ib Reaction time -13 related to the temperature, and tne" 

|7 /I/- , c , reP of cro S3 -Unlcin« increasS Vith tiae and tcrperai-Bre. ; <; 

I „ J ... However, relatively tow dogrbe S "of cross-linfclrg, ao deter- 

5 v i-^J-' > uea by acid extraction, are effective to produce the ". 

11. • -'^ \,icir-il>-.e fiber: charactefiatica When the' fibcra have m.ininun . ' ^ -; 

' , " . \putict durlnc the C ro 3 o-llnkln B /action; Whlle^the reaction . 

\ VV- • tine jr^y bo as 2o* aa 15 minutes and aa hl E h as several, days, / ... 

|. ' y,t ..Ini.Wtterrer.ture should he L at least,: about 2lQ°C . / J', 1 . 

f// ■ ;,, t etU,r... carried out fori a period ? f daya a* r***e^ru-, 

} . : ; •' \. ;i . t ,i Vtc producing products having: 1 ov.ered i^.i^d wa%r, 

! 20 th vt is, water retention under 4 centrifugal action test, 

1 C ' eiJ not exhibit a lowered nolsture regain or a lowered , • • 

I equiirr>rl^ moisture content property 

I' rolsture regain, it is to be noted that sucn tends td decline 

tfxsended time of cross -linking at higher tcmpcraLurcs 
?• (above 110°C.) even though the formaldehyde yield upon 

_" v / ryaroiysis reaches a maximum; thus, in 2 to 3 hours c; 
^ - - c^oss- linking reaction time, a naximun of .crosa-lirv.ins vas _ . ..: 

: ,. achieved under k given impregnation condition, moisture regain .. 

: 'f • : "continued to drop,, however, wKcmthe croa^iinkinc rc«:lc, 

c j6 *as carried to k and .5 hours ; . • ■• ^ - 
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i - 1 ink 1 rig t : th a t is/ about 2;2£, 
bex\ bond ing capac itV\i3 substantially eliminated 
?i imbibed water in a fluff of 1 the cros3- - 



'V;/.'^' :' ' and^the-caAacity; for ' 

:: ; linker fibers under centrifugal action id about 1/2 or- less; 
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thanithat of the untreated fibers. As the degree of cross- 
linking "increases to 10 or 11^ > the fibers have less ten- 
dency 1 to : hoi V water;. un and' the ; 

capacity !is about l/U of Ithat of the^ untreated fibers. In 
contrast, when cross-linking is effected in sheet form, 
10- with the fibers in close coherence, the fibers retain 

residual bonding .capacity and show only a minor drop in 
imbibed water content, end thus closely resemble the original 

V- : untreate4;; fi^r^v/r }Z:< ' : '\ V ,;;V % ■ ... J-v /'.' £V V ^ 
• Additionally, the product .fibers demonstrate 

little affinity for dyes, which is contrary to the action 
achieved by cross-linking of fibers in the swolien's tate . ■ 
. Sheets of paper formed with the .cross.-linKed fibers 

- anci -20^ by weight of ethyl cellulose as binder provide, upon 
»| drying, a porous open nap structure. Sheets in which the 

* 20 cross-linked fibers are present to the extent of 2-2C>£ by" 

i & / weight_wii:h 6n\y untreated cellulose fibers provide an open 

porous structure from which the water is readily removed when 
' v drying; this factor, plus the resiliency imparted to a sheet 

by the cross-linked fibers, -is important -in paper nak ing 
V ••- nachirc operation, as the formed but wet sheet may be pressed 

hard to assist water removal but yet the sheet regains, after 
■ ■ - pressing, substantially the or iginal thickness. In paper- 

" • making; machine Deration, th^ ability of the composite sheet 

to give up water . under vacuum, pressure and the ability, to; 
20 permit displacement of water by air pressure are further 
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ceptlble to modification . in order to adapt to different 
- usages and conditions and'/ accordingly, it is desired to cori- 
prehend such modifications T within the invention as >nay fail 
• " - <itnin the scope of the„ appended claims. . ^ 



f ooi t51 .2 ; pounds per cubic foot- desirably)^ are; of ^particu- « ||p 

> laif utility ill filter papers. > TCn Fig, 5 the numeral^ lc - 1" 

dfeslcnat^ sheet predominantly of 

obrW^' 7 cellulose fibers/^ When such a sheet as is lllus- > •< 

crated in Fig. 5 included "a substantial but r minor proportion 
by weight of the cross-linked fibers together with other un- 
created fibers such as wood pulp, cotton linters, and the 
10 like, the presence of the cross-linked fibers Irparts to the 
ahcet a materially increased void- volume and ^materially in- 

creased resistance id f lUid flow. :} " f| : : f 
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■ <;V'- It'will be'^ratQod. that this invention is sus- If?" 
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wh-ick comprises impregnating a mass, of substantially unbeaten 
ccllulosic fibers of papcrnuiking lehgth wit^ 
~ containing a dissolved cross-linking agent 'and a. dissolved cata- 
j;: " : iyaV for a cross-linking reaction between the cellulose and said 

? V agent, said impregnation causing said cellulosic fibers to be 

i swollen and said agents. and said catalyst 

£>V. by the fibers: ■ subsequently heating the flbero in dry -form at 

cross-linking temperature; the improvement which comprises the - 
' . t combination of a teps of .before heating to. effect the cross- 

r 'Ji ': - : linking rcactiortr aewatering, drying, and expanding the mass 

#^ -V,': of : fibers without, substantial cross-linking of >he' f i^ra to 

' -v • ' provide the fibers substantially free of water arioso that . 

" cross-linking agent is retained in the fibera and the fibers are 
' " - " ' " " in the form of a loose dry fluff in which contact between rr , 

p: : inaividual fibers over any material portion of the length of 

£*0. the fibers is minimized and the_ impregnated fibers are / 

•J.£, , - themselves substantially non-swollen, flattened and collapsed 

' ' C • .hereby, upon cross-linking, .the cross-linking, reaction takes 

- place primarily within the individual impregnated ,- non-swollen., 
>r :V flattened dry fibers of the fluff; and then heating the: fibers 

iB'the dry f luff fbrr at. the. cross -linking temperature' to the 
extent that the individual fibers are materially stiffened and 
set in" the substantiilly. non-swollen, ' flattened condition and 
while in the said ..fluff .form, said fibers being stiffened to an 
extent ;that they are reduced to powder if subjected to a . 
refining cperati6h.;in a ;; paper making 'process..; 
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H ^^^PS^V 2 .-- In a-'process- of producing a I cellules i<?' product - . 

^^^^^Vnich ciri«e8 7S^S^^8 a'5ass-of substantiallV unbeaten - ' 
- u 5 ' cellulosic wood "pulp.'fibVrs >ith r an aqueoUB s^olutlon cpntaining 
-''■■rPp'-' y - a "dissolved c ros s ^ inking agent and a. dissblyed- catal ys t for 
" " ■ " a cross-linkihg reaction between the" cellulose- and said, 
< • - agent/ said Impregnation 1 causing said fibers to be swollen 

' and said agent and said catalyst to be taken up by the fibers; 
■1 the improvement which comprises the combination of steps of 

partially dewatering and drying said mass with attendant reduc- 
._" '• % .- ' tioh in the cross-aectibnal area of the fibers of the mass, 
while the fibers are partially moistened expanding the ma33 
of fibers without material damage to the fibers to. the form 
- ' of a" loose fluffy mass to thereby' minimize contact between 
- * f ibers over any material portion r of the length of individual 

' "fibers and to thereby limit a subsequent cross-linkihg 

reaction to substantially within fibers and substantially not 
>. V > between fibers, drying 'the - fibers substantially free pf water 
'-. ',V and so that cross -linking agent. is retained in the fibers and 

' ^ without substantially advancing the cross-linking reaction out 

S v >: i: ;< tn further attendant reduction in the cross -sectional dimer.sicrs - 
" of the fibers and _sUch that the resultant fibers are substantially 
-•^on- then heating the -cry, 

' flattened, i ra pregnate : d;Wood. fibers in the fluff form at a tern- . 

per.ature of at least about 110°C . to cause, cross -linking within 
"•/the' fibers to the. «xtent that} the individual fibers are materially.. , 

stiffened and. set in the substahtially non-swollen, flattened 
';. condition and in the ' fluff foi-m, said fibers 'being stiffened to. . ; 
\such extent that subsequent Refining in a conventional paper- 
making, process would .result: in powdering of the, fibers-. 

3. The process as claimed in dial* 1 and in which tre- 
- cross-lining' agent is formaldehyde and the cross^linking tc-- 
..crature- is between abo^t 110°C. and 159°C. and tap tirre of 
heating at the cross-linking temperature. is between about 15 



" ." '"■ , ^piccea. or product a celluloalc product which ' " 

• : - \ V cwri.... l»PreEnatlns a of unheal wood puip cellule . 

'• '■ ^-^'^ .olutlon containing a diaaolved »» ? - - ., 

lln vi re ascnt'and a diaaolved catalyah for the .rcaa-»n*ln,, 
'■'■"^'-'•V. 1 '^^. between the cellulo.e and ..id agent. r.»v« fiber 

'*- „ ld IBS , with attendant reduction in th. crc.-aectlonal area , . , 

- V. „ a , 9 while the fibers are partially 

of the fibcra of the qiass_, *.m.j.e 

v - ; Vetted expand^ the 0 .aaor^bera without material da,,a,e t u 

- the flbera to the fern of a looae fluffy ^ to thereby inhibit 

: " hondihe betweenf.ccra over any Serial Portion of the l«n S tb 

! - ' S > " ■ ^individual fihera to thereby. U.4t a auhaechent croaa-iln.in, 

- " - faction to aubatantlally within fiber, and aubetantlally not , 

' 'I • hctween fihera, drylns th. fihera .ubstantiaU, free of water ■ 

' - ' ani ao that croaa-ilnalns a S ent 1. retained In the; fihera- and . . 

' ; Without eu^tantlally advancing the croaa-llnwin. reaction hut 

■ \ ^ . •' \* Ia^ - Vn the cross-sectional dinensionc . 

.--A,, with further attendant reduction in the croa . 
' . I :•■ ' „f th. fihera and au.h that the reauitant fihera are a U batantia,l, ■ 
.. ' . ^Jawoiien.fiattened.ind dolUpaed, then heatlns the dried nen- 
awiuen flattened lipr.^ted. wood fihera In the. fiuff for,, a. - 
; : a te.peratuTe between ahout ,10*. and 1 5 0»C. to effect croas 

: 'A L , iinKlns within the individual fi^ra, heating the fihera a. the - 

^ " . aai'd croaailnKin^ topiratur. under condition, to. inhibit 

V .f:'\ > -V aher «hy the croaa.lln.ed fihera retain the collapaed for,, ..id , 
- - : '- t - ,eatln 5 tein s effected to the extent that the fiber, arc ,e. a..d .-. . 

•materially atlffened such that reflnins m a conventional 
... ™ocr^ln S procea. would raault m powdorlns of the fihera.. 
PlV.V, thereafter waahlhs thi "fiber. . dlaperalna the waahed. fiber. In : ' 

water, and fabricating the diapcr.cd fihera into-a celluloalc ^ , ; 
- ■ - - ■ ' article by. water-;iayi«c and then drying all without heatln, oi . , 
' t - ■ the"' croso'-llnkedjf ibers ; . - • . .' •- ~ :•. . : [ ' -7;;- 
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,r nfoduclnct a ceiiuloBic* fiber-material t - 



' v ^" v : 5. The 'process of producing a cellulbBicT riter-roacerjiBx , * f 

' "" '" " " " """ " * ... 



- : ' . which Umprisea' the steps of impregnating unbeaten bleached cellu- - 
| ' . ,.. - lose wood pulp fibers : in sheet form with an aqueous solution con- ; - ; - 

'IV ' - 0 \ = ; talnlhg dimethVipr urea; 'as a. cross -linking . agent andycontaini'ng ; y ^ 
.. a. catalyst for the cross-lirv ^ reaction, removing %he saturated ; 
- sheet, from the solution, partially dewatering the sheet /.defiber-. 

^ ing the moisture containing sheet without causing material damage 4 — 
,_ to the fibers to produce a loose fluffy mass of the fibers, 

d ry mg the fluffy mass substantially free of water and so that cross 
linking agent is retained, in the fibers, and then effecting a cross- . -. 
"linking reaetion by heating the loosely fluffed mass of dry fibers 
.;; to a cross-linking temperature of at least about 11Q°C. in a ■-.»„;■ 
• hm ? - 1 ^V^olume^ow 'air for; a; tlme^suf f icient^to cause^ 
' | within the fibers to the extent that the fibers of the mass are, 

naterialiy_ stiffened and set, said fibers being stiffened to such 
"' .7- extent that subsequent' refining . in a conventional papermaking y - 
process; wouid cause destruction of the fiber to powder form.. _ ,4^ 

.. _ . - 6.- • cross -linked cellulosic unbeaten wood pulp and In 

I - the form of a loose fluffy mass and characterized by Internal - 

{ cross-linking ether linkages between molecules of the cellulose, 

j ' said fibers being wet table .by and dlspOrsible in but not sab- 

j stantially swollen .by 'water, the said fibers forming the fluffy 

! . n»ass being stiff to an extent that the fibers are reduced to 

1 ■ • powder by refining operations in a papermaking process and these 

f . •.- . 3tifr fibers being, in the fluffy mass only in minimal contact 
j. ; . V ' • / with each: other over the length, of the- fibers^s^hat. inter- 

] : ■ Vconnecting^apillary voids are formed between the stiff .fibers, 

.1 ? said mass be ing capable of retaining from at. least 1.2 to 2 • 

'\y , r 'tlmes. /aa/much . water and having a wet pad thickness, of at least 

! • a3 much as 1.5 to 2. times the wet pad thickness of a correspond- . 

\ . ; ipg ma ss of the untreated, fibers from which the cross-linked • 

$• • ?; " fibers are derived, "the said, fluffy mass of cross-linked fibers 



."state , 



" haVingVfiltration ,^iotance characteristic which' is- au^tan- , 
- "'^11^ co%a»^ver- a "costing- pressure range between 20 and 
" 100" centimeters "of water and a wet compressibility .whi^ is ; 
" materiail/'less than a fluff of non-cross -linked cellulosic 

fibers from which fibers the heat set mass of fibers is derived, 
v; ; "said cross-linked cellulosic fibers of the loose fluff being 

J ''""' - • Btiff to an extent' that the fibers would be reduced to powder 

i by refining operations in a- papermaking process, 

V r -'- • * 8v- A' water-laid product comprising between about 2 

* ~ - " to 205 6 by weight of cross-linked cellulose fibers having little 

- : affinity 'for each other' ih the wet and the. dry state and the 

S -P ■ ; balance of the fibers being essentially papermaking wood pulp 
\" '., /v fibers, the "said cross-linked fibers being unoeaten and stiff 

* ' V V V- //fco'the exWnt that beating in a papermaking process reduces . 

; ' ;\ h e fibers to powder, and said cross-linked fibers being 

distributed throughout said product and interrupting the 
, "- . natural bonding eharacteristics of. the papermaking wood pulp 

fibers to the extent that the" 7 sheet .is porous", readily wet 
' pressed to release water, and resilient. 
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